LBRA ' |
RY-—AMJM$OumHSAKMmD

EFFECT OF POLLUTANT EXPOSURE

AMBIENT AIR IN CHILDHOOD AND ADULTHOOD
Contract Number ST CA/ARB A4L-068-33

Final Report

June 16, 1987

Submitted by: David H. Wegman, MD
: Professor and Division Head

Environmental and Occupational
Health Sciences '

School of Public Health

University of California at
Los Angeles

Los Angeles, California 90024

(213) 206-2837

"The statements and conclusions in this report are those of the
University and not necessarily those of the California Air
Resources Board. The mention of commercial products, their
source or their use in connection with material reported herein
-is not to be construed as actual or implied endorsement of such
products." '

576
A3
w44
1987






ABSTRACT

TABLE OF CONTENTS

I. INTRODUCTION

A,
B.

Background
Objectives

I1. METHODOLOGY

sl IS NS Hwilqp v

Establishment of Cohorts

Relocating Cohorts

Respiratory Evaluation and Lung Function Testing
Test-retest Variability

Validation & Qualiry Control

Data Management

Monitoring of Air Pollution Levels

Analyses

III. ANALYTIC STRATEGIES

QMmoo QW=

Examination of Modifiers of Subject Environments
Geographic Origin of Study Subjects

Use of Cigarette Smoking Habit Information
Sample Size Estimation

Selection of Outcomes

Considerations of "Susceptibility™

Multivariate Modeling for Respiratory Effects

IV. RESULTS

OEEOO T >

Selection of Study Focus

Examination of Modifiers of Subject Environments
Geographic Origin

Cigarette Smoking Habit Information

Sample Size Estimation

Selection of Outcome Variables

Modeling of Pulmonary Function

V. CONCLUSIONS

REFERENCES

INVESTIGATIVE STAFF

TABLES

FIGURES

APPENDICES:

A.
B.

Baseline Questionnaire (1977)
Followup Questionnaire (1982)

58
61
63
39

96






ABSTRACT

This study explored multivariate modeling to describe the
relationship between respiratory health and ambient air pollution
in three Los Angeles communities using data of respiratory symp-
toms and pulmonary function collected.for the UCLA Population
Studies of Chronic Obstructive Respiratory Disease (CORD). Log-
linear analysis and expert judgement were used o select outcome
measures. The modeling approach included linear and logistic
regression analysis and focused on adult non-commuting females
whose ambient air_exposures were best represented by air quality
monitoring stations in the community of residence. A model was
also developed for use in calculating sample sizes necessary for.
such studies. Estimates indicated that a small number of sub-
jects was sufficient to identify differences in FEV1 or-EVC
equivalent to a cigarette émoking effect. FEV1, FEVl/FVC, and
delta N2 were selected as outcome measures. Multivafiate analY—
sis did not provide a clear model which improved on earlier ana-
lyses. Effects of birthplace or current abnormal respiratory
health as indicators of potential "susceptibility" to air pollu-
tion were not identified. These results were judged indicative
of limits in the datg available for estimating ambient air expo-

sures for individual study subjects.






I. INTRODUCTION
A. Background

This study was designed to explore ways to develop models
which would best describe the relationship between respiratory
health and ambient air pollution in three Los Angeles communi-
ties. Cohorts of residents of these geographically defined study
areas had been formed from cross-sectional surveys carried out
between 1572 and 19771—4. The demographic characteristics of the
three study areas along with the sex and race distribution of
those who completed the baseline testing are given in Tables 1
and 2 2’5’6, The study areas included Lancaster (exposed to
minimum levels of man-made pollutants), Long Beach (exposed to
802, particulates and other primary pollutants) and Glendora
(exposed to high levels of photochemical §xidants; particulates
and SOA)° These three communities were all retested.approximately
five years after baseline tésting.

This is a continuation of the UCLA Population Studies of
Chronic Obstructive Respiratory Disease (the CORD Study). In
earlier cross-sectional analyses ~, the residents of the three
communities were classified by age, sex, and smoking status.
Comparisons of a large number of pulmonary function measures from.
such groups'in the three communipieé showed that more of the
worst communitry average pulmonary function values occurred in
Glendora than in the other. two communities. The number of worst

community averages was also high in Long Beach, but not as high

as in Glendora. No worst community averages occured in Lancas-



ter, which had significantly lower le&els of air pollution.
Cross-sectional analyses of changes over the five years in the
frequenncy of pulmonary symptoms and of rates of change of pulmo-
nary function measures were also performed. The majority of
these analyses indicated better pulmonary fuction in residents of
Lancaster than in Long Beach and Glendora. Wherever there was
statistically significant difference in pulmonary fuction or sym-
roms between communities, the better values of pulmonary function
or lower frequencies of symptoms occurred in Lancastef, £he low
pollution area. Changes over five years in the frequency‘of
recorded symptoms and results of lung function tests were alsoc
studied in these same comunities 70 The majority of test results
were more favorable in residents of the low pollution area (Lan-
caster) than in the other two areas. In no instance was a sig-
nificant difference noted which was not more fa?orable to the low

pollution area.
B. Objectives

The analytic objectives of the project were: to examine fur-
ther the association of baseline pulmonary function parameters
and estimates of air pollution exposure_yh;le gccounting'for con-
founders and effect modifiers; and to examine the associafion of
changes in these parameters and estihates of air po}lution expo-—
sure while accounting for similar confounders and modifiers. This
was to be carried out using multivariate.analysis approaches in
hopes of identifying ﬁodels which described fthis association

while simultaneously accounting for other explanatory variables.



One particular focus was planned for grohps which might be
considered "susceptible" or "sensitive™ to respiratory tract
insults. For examplé, persons with low lung function, with a
history of asthma, or with a history of cigarette smoking may
sustain greater damage when exposed to ambient air pollutants.
Therefore we tried to define such groups from existing informa-
tion and determining whether their response characterisfics were
different from those of the remainder of the study population,

In addition, there was a specific hypothesis about migration
and respiratory health to bé tested. The hypothesis was that
individuals presumably exposed to high levels of pollutants in
the air during childhood have a more rapid rate of decline in

lung function parameters than individuals not so exposed.

This large population-based cohort was also used to estimate.

‘the number of subjects required to detect a significant differ-

ence between subjects exposed and unexposed to ambient air pollu-
tion. Such estimates cannot be computed directly, since there 1is
no accepted magnitude of effect associated with such pollution.
Instead, an appropriaté; arbitrarily selected, magnitude of
effect was to be idehtified and used in the contexﬁ of the var-
iability of the different measures of pulmonary function employed
to carry ouft the statisti&aijbower analysis.

Finally, it waé the intent to eiplore the poss?ble develop-
ment of groupings of pulmonary function parameters which might
show more association with air poiiution'exposure than the indi-

vidual pulmonary function parameters.






IT: Methodology
A. Establishment of cohorts

Prior to this proposal, cohorts of residents of three geo-
graphically defined areas selected to be exposed to different

levels and types of air pollutants had completed baseline lung

1-3,8

function testing at a Mobile Lung Research Laboratory Each
member of these cohorts compleped a modified NHLI respiratory
questionnaire, volume spirometry with electronic recording of tihe
entire flow volume curve (air vs. helium/Gz), the single—breath.
nitrogen washout curve, and whole body plethysmog;aphy. The
individual cohorts ranged in size from 3403 to 4509 residents. A
total of 15,164 individuals were examined at baseline.

The‘geographically defined areas were selected to have simi-
lar distributions of socioeconomic factors and racial groups, Lo
contain or be adjacent Lo a continuously ﬁonitoring station of
the Southern California Air Quality Management-Disffict, and to
be historically exposed to different types and levels of pollu-
tants in community air.

The interlaboratory vardiability of the test procedures was
evaluated by reexamining, at the UCLA Pulmonary Function Labora-
tory, a 3% probability sample of residents completing lung fﬁnc—
- tion testing at the Mobile Lung Reséarch Laboratoryz. intralabo—
ratory variability.was evaluated by immediate retesting of évéry
tenth participant at the Mobile Lung Reséarch Laboratory’and by
reéxamination of 100 residents of each study cohort four times a

1,2,6,9

year Details of the recruitment and test procedures used



for the baseline studies have been reported1’2’6.

B. Relocating Cohorts

Relocation of members of the cohorts was the responsibility
of the field coordinator and the neighborhood representatives who
had been selected from the community being tested. In many
instances these were the same neighborhood tepresentatives who
were responsible for the successful recruitment of residents at
the time the cohorts were originally formed.

The current residence of members of the cohorts in the three
areas had been updated annually. The return form included a
request for the name and address of a "contact person" who would
know how to reach the participant in the future.

Letters announcing the initiatibn of reexaminations 1in each
area were sent to the most recent address with the request for
notification of forwarding address and return postage guaranteed.
Current addresses for those individuals for whom there was no
forwarding address were sought through the designated contact
person, canvassing of neighbors, a check of the Department of
Motor Vehicles' driver and vehicle registrations, review of tele-
phone directories for‘areas designated by neighbors, and finally
by a review of death tapes. |

Letters were sent to all‘members of the original cohort still
residing in the area indicating that retesting of all partici—
pants was .currently underway in their reépectiveicommunity and
that they would be contacted by a neighborhood representative who

would update their household roster and set up an appointment for
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each family member to revisit the Mobile Lung Research_Labora—
rory. As previously, the mobile laborat&ry was located within
walking distance of the resident's home.

For those individuals who did not keep their appointments, a
follow-up telephone call was made immediately. If unsuccessful,
repeated attempts were made to reschedule testing for residents.

Individuals who had changed residence since the original

resting fell into three categories: those remaining within the

study area or adjacent to it, those moving out cof the Scuthern
California area, and those lost to follow—up,. Individuals
remaining.within the study area or in immediately adjacent areas
were visited and scheduled in the same manner as individuals
within the study afea who had not moved. Respiratory question-
nairés with additional questions on reasons for moving were sent
to those moving out of the Los Angeles area. The cover letter
also asked them to contact us if they would be near the study
area in the future so that we could arrange to'retést them.

The initial letter to residents who remained in the study
area or ﬁearby contained a return envelope and form requesting
their current telephone .number so that the neighborhood represen-
tative could call them.back “in order to work out the most .accept-
able time and place for retesting them. In order to encourage
their participation the neighborhoo& representative offered to
pay travel expenses for retesting. For those individuals who did
ﬁot indicate their current telephoné number, their number was
sought by review of phone directories for the areé, directory

assistance and reverse directories.



Concurrent with the retesting of thé cohorts in Long Beach
and Glendora we requested that arficles concerning the program
appear in the local newspapers and that public service announce-
ments be made over the local radio and trelevision stations.

The key member of the program staff involved with recruitment
of residents was the neighborhood representative. They were
selected from among applicants on the basis of their performance
in the training program. Whenever possible, the same neighbor-
hood representatives who worked during the baseline screening in

that community were rehired,
C. Respiratory evaluation and lung function testing

1. Interview schedule

The intefview schedule inclﬁded an updating’of'the‘symptom,
smoking, réspiratory disease, residence and occupational histo-
ries and, in addition, contained queétions about commuting_patF
terns, percent of time indoors and outdoors, and type of heating
used in the residence (see Appendix A).

Individuals were considered to have definite criteria of
wheezing if they reported their breath ever sounding wheezing or
whistling on more than 19 days in a year and/or théy had ever had
attacks of shortness of_breath and wheezing. Individuals were
considered to have asthma bronchitis.and/or emphyséma if they had
been told‘by a physician that they had one or more of these dis-
eases.

Smokers were individuals who had smoked within one year of

baseline testing and did not change smoking habits during the
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interval between baseline and follow-up. Individuals who
reported stopping or started smoking in the interval between

baseline and retesting were classified separately.

2. Tests of lung function

The following tests of lung function were administered to
members of the cohort (listed, for those relevant to the current

study, in the order in which they were performed):

(a) Height, weight, pulse and blood pressure measurement
(b) Single-breath nitrogen washout curve (mulriple
trails): Ny750_1250°
(¢) Electronic spirometry (multiple trials with permanent
. yecording of the entire flow volume (FEVl, FVC) ¢
forced expiratory flow rates instantaneous flow rates

at var;ous percents of FVC (V25’ V50’ V75‘ and Vmax)

D. Test-retest variability

Intra4laboratory variability of the tests was estimated by
retesting every 10th participant within ten minuftes. Séasonal
variability had been estimated by retesting 100 participants
three times during the year. No differences were found. Inter-
laboratory variability was estimated by retésting a 3% sample at

the UCLA laboratorie32’6’10’llu



E. Validation and quality control’

1. Standardization and calibration

Before initiation of retesting the test equipment on the
Mobile Lung Research Laboratory was cross-calibrated to equipment
at the UCLA Pulmonary Function Labortory employing volunteers who
went through the same tests in a random order at both these labo-

. 2 s . s .
ratories. In addition, all equipment on the Mobile Lung
Research Laboratory was Calibrated before, during and after each

day's testing and the test results reviewed quarterly.

2. Validation

To determine if calculation Qf rates of change in lung func-
tion test results were related to differences in laboratory
procedures all members of the cohort who were included in the
original 37 probability sample which underwent retesting at the
UCLA Pulmonary Function Laboratory at the time of baseline
screening were invited once again to undergo further testing at
the UCLA laboratory. At the time of the baseline examination,
approximately one-half of this sample was randomly selected from
all residents 18 years of age or older who completed testing at
the Mobile Lung Research Laboratory; the other one-half were
selected on the basis of definite of probable respiratory abnor-
malities accbrding to the results of the Mobile Lung Research
Laboratory tests.

Retesting in the validation laboratory of this original

cohort (which had already undergone validation studies at the
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time of the baseline gxamination) was important from the stand-
point of determining whether changes in interlaboratory differ-
ences had occurred which could reflect changes, or "drift,” in
the characteristics of the field instrument over the five-year
interval between the baseline and present examinations.. Although
cross—-sectional comparisons could be made at baseline and retest,
any differences obsefved could be due to differences in the popu-
lations tested because of aging and dropouts. Comparisons of the
change in individuals tested twice, therefore, gave a better
evaluatibn of the comparability of measurement of change in the
two laboratories.

We also invited for retesting in the validation laboratory an
additional randomly selected sample of individuals 18 years or
older who had completed retesting in the mobile laboratory. The
retesting of these individuals who had not previously undergone
validation'studies.served as a satisfactory mechanism for deter-
mining the currenﬁ reliability of the field laboratory; more
important, by permitting comparison of current field laboratory-
reference laboratory differences with those observed at.the time
of baseline testing, such retesting in the UCLA laboratory proF
vided a needed check on the occurrence of "drift" in the field
instrument. As an inducement individuals selected for validation
studies at UCLA were offéred a $10.00 fee in addit%on to travel
expenses. 'Subjects underwent the same studies thaf were per-
formed in the mobile laboratory as follows.:

(a) Respiratory questionnaire (cohort project interview

schedule)
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(b)

(c)

(d)

(e)

Spirometry (using a 10-liter Stead-Wells spirometer)

and spirometry and flow—volume curves (generated by an
l.1-1liter rolling-seal electronic spirometer: Cardio-
Pulmonary Instruments, Inc., Model 220) from which the
following indices were calculated: slow vital capacity
FEF

FVC, FEV peak maximum flow

1> FE¥900-1200" FEFas5-75°
rate (Vmax) and maximum flow rates at 25%, 507 and 757%
of forqed expiration and maximal voluntary ventila-
tion., Calculations were made using the tracing repre-
senting the best effort on the basis of FEVl, if the
latter was associated with an FVC which was at least
95%Z of the best FEVl.
VmaxSO’ Vmax25’ and volume of isoflow calculaﬁed'from
maximal expiratory flow-volume curves generated during
breathing of air and’an 807 helium-207% oxygen mixture.
Helium-dilution lung volumes using a 13.5-liter spiro-
metry (Warren E. Collins, Inc¢.) for determination of
functional residual capacity, expiratory reserve vol-
ume and residual volume. Although this test was not
performed in the field laboratory, it was included in
the batrery of validation labqfatory tests because it
provided a further check on thé validity of plethysmo-
graphically determined tﬁoracic gas volume and on the
total lung capacity from the single-breath nitrogen
washout for determination of Elosing capacity.

Closing volume, closing capacity and slope of phase

ITT of the single-breath nitrogen washout curve

-12-



N2750_1250 and Nz/liter using an electronic
spirometer, a rapidly—responding nitrogen analyzer
Cardio-Pulmonary Instruments, Inc., Model 410), and a
multichannel oscilloscopical recorder (Electronics for
Medicine, Model DR-8).

{(f) Airway resistance and thoracic gas volume at func-
rional residual capacity using a 600-liter constant-
volume body plethysmograph (Warren E. Collins, Inc.).

( Single—breath diffusing capacity for carbon monoxide

ao
~—r

using a water;seal spirometer and bag-in-box system
(Warren E. Collins, Inc.) with helium and infra-red
CO2 analyzers (Beckman Instruments, Model LB2). This
test, although not performed in the mobile laboratory,
served as a useful indicator of probable emphysema in
individuals with airflow obstruction.

(h) End-expired: CO using an electrochemical CO analyzer

(Ecolyzer Series 2000).

F. Data management

A computer-based daté ﬁanagement system was désigned for test
results from the baseiiné:éfudies and from retesting of the
cohorts. The base file éoﬁtained the household roster. The sec-
ond-level file ;ontained results of the fiéld quesfionnaire and
pulmonary function fests from the baseline testing in each area.
Household roster>iﬁformation on specific individuals undergoing
field testing had been incorporated into this secbnd;level file.

The third-level file contained the results of field and valida-

13-



tion lung function tests for the 3% probability sample_invited to
undergo retesting at the UCLA laboratory at baseline. The fourth
file included name, address, telephone and identification numbers
used for follow-up notification for the retesting of cohorts.
This was the only file which contained both the name and
identification number of the individual residents and has been
kept under limited access. The fifrh file included the air
pollution and climatologic data obtained from the four monitoring
stations of the Southern California Air Quality Management
District,

At the time of retesting new files were created to include
both baseline and retest iﬁformation, All individuals were
included in the new files regardless of whether they completed
retesting. For those individuals not completing retesting the
cause for non-completion was included in the file.

Additional files were created for the 107 sample undergoing
immediate retesting at. the mobile laboratory and the 3% sample
retested at UCLA. These files were used to estimate the intrala-
boratory and interlaboratory variability of phe test procedures.
Computer files of air pollution and ciimatologic data for each of
the four stations of the southern California Air Quality Manage-
ment District and other sources were maintained for thé entire
period of field testing. .

Data from the modified NHLI respiratory questionnaire and the
household roster were collected on self—éoding forms. That data
and the data from the Mobile Lung Research Laboratofy.were

entered into computer tape. Data from electronic volume spiro-
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metry and the single-breath nitrogen washout curve were recorded
directly onto 9-track computer tape which was compatible with the
IBM svstem being used at UCLA. FA computer program had been
developed which selected the best breath for determination of the
spirometric indices6. In the event of breakdown of the recording
at the Mobile Lung Research Laboratory, a hard copy backup was
maintained on all testees. Errors of the recording device were
minimized by rapid rechecking of all data tapes from the mobile
laboratory within 24 hours of retestiné and before testing began
the following day. Editing of data was done by computer using a
program to jdentify outlying or unusual values. These were
printed for verification and/or corrections.

An important component of this study was the cooperation of
cohort members. In order to maintain this cooperatidn a rapid
notification system had béen developed which idéntified individu-
als with abnormal responses. This program automatically generated
letters of notification, providing a general assessment 1in laf
terms of the results of the lung function testing to the testee.
The results of the specific tests of lung function were also sent

to the physician designated by the participant.

G. Monitoring of air pollution levels

The quality of air in the three communities was continuously
monitored by stations of the Southern Caiifornia Air Quality Man-
agement District (formerly the Air Pollution Control District) of

Los Angeles County as follows:
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Lancaster, Station 82
Long Beach, Station 72

Azusa (Glendora), Station 60

Each of these stations recorded continuously (except for cal-
ibration and chemical restocking periods) the following: total
oxidants, nitric oxide, nitrogen dioxide, total oxides of
nitrogen, total hydroﬁarbons and nonmethane hydrocarbons (not in
Long Beach), carbon monoxide, sulfur dioxide (not in Lancaster),
and total particulates. Twenty-four hour sulfates were recorded
from 1977 in Long Beach and Glendora.

Description of the instrumentation employed, technical
maintenance, calibration techniques and validation procedures,

and the frequency with which these were done are contained in the

Quality Assurance Plan fro Ambient Air Monitoring, July 1977,

Technical Services Division/South Coast Air Quality Management
District.

The output of the Southern California Air Quality Management
District is reported by contractual arrangement to the California
Air Resources Board.A The contract requires the following sched-
ule of calibration of the monitoring and analytical instruments:

"All air monitoring instruments shall be calibrated by either
the State or by the Contractor in aécdrdance'with grocedufes
acceptable to the State. The Contractor shall provide copies of
its current instrument calibration procedures and chemical analy-
sis procedures for all pollutants monitored upon submittal of

this contract, but in no case later than 90 days after receipt of
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the contract. If, in the State's opinion, the Contractor's
procedures are significantly difference from State procedures,
the Contractor shall use State procedures or furnish the State
with evidence of equivalence. In addition, the State shall have
the discretionary right to conduct referee calibrations for each
parameter at the Contractor stations.

"The Contractor shall calibrate air monitoring and analytical

instruments on at least the following schedule:

Oxidants (Ozone) Semi-Annually
NO, NOZ’ NO Annually

NDIR CO2 Annually

FID Total Hydrocarbon Annually

802 ' Annually

Hi-Vol Semi~Annually
COH (flow rate calibration) ‘ Semi-Annually

Sulfate and Nitrate Spectrophoto-
meters - Concentration Quarterly
Sulfate and Nitrate Spectrophoto-
meters- - Spectral Response _ Semi-Annually
Lead, Sbectrophotometer -

Concentration o Quarterly

"Instruments shall be recalibfated after major repairs or
modifications. A copy of each calibration report shall be sub;
mitted to the State within thirty days of the instrument calibra-
tion date. Infofmation on the calibration report cover shall

include: parameters monitored; method of calibration; manufac-
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turer, model, and serial number of instrument; darte of calibra-
tion; and results in percent deviation from true, both before and
after adjustment, and percent deviation, from last calibration.

"For calibrations of carbon monoxide and total hydrocarboen
analyzers, the Contractor agrees to use carbon monoxide and meth-
ane span gases traceable to State or NBS standards. The Air
Resources Board will prﬁvide compressed gas cylinders of the
proper concentrations for multi-point calibrations upon :equesto"

The validity of air quality data with which physiologic data
was related was, therefore, at levels satisfactory to EPA and the
State of California Air Resources Board technology.

The ability of fixed monitoring stations to quantify air
qualiry levels in neighborhoods around the station (representa-
tiveness) had been evaluated by several technigues in the past.
Mobile laboratories have simultaneously sampléd air at various
radii around the stations and cbmpafed data with those of the
station. Study of levels in é.series of stations, with relation
to windflow pattermns, had generated a body of data concerning the
duration and flow of concentrations of substances. JIsopleths
have.beeﬁ developed for various-pollutants occurring in the
Southern Califormnia Air Basi812’13. Studies to further interpo-
late values between stations and to provide more precise "neigh-
borhood" estimations were also donevby the Technicql Services
Corpor_ation14° A summary table of representativeness for census

tracts proximate to the monitoring stations is shown below:

~18-



Oxidant Uniform over 10-20 miles

NO2 Uniform over 5-10 miles

502 Uniform over 10-20 miles, except where
power sources within the range

contribute

SO4 _ Uniform over 15 miles
CO Not uniform
Hydrocarbon Uniform over 5-10 miles, except where

power scurces within the range

contribute

Because we were interested in the effects of long-term expo-
sure to pollutants, we selected study areas historically exposed
to very different levels and types of pollutants which were
located either adjacent to or within a short distance downwind of
the stations of ithe Southern California Air Quality Management
District cited above which continuously measured levels of
selected pollutantsl’3’8,

In the Long Beach study area no residence within the study
area was more than 1/2 mile from thehmonitoring stations. Most
of the residents of the Lancaster study area lived within 1 mile
of the monitoring station. No residence in the Glendora study
area was more than 4 miles downwind from thebmonitoring station
in Azusa used to estimate pollutaﬁt exposures occur}ipg in that
study area. Measurements of total oxidants and other major pol-
lutants except carbon monoxide, therefore, may slightly unaer-—
estimate exposures occurring in the Glendora study area. Each of

the study areas except Lancaster was less than one square mile in
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area and had no topographical barriers between it and the moni-
toring station. In Lancaster the majority of the population in
the study area was contained within a one square mile area near-
est the monitoring station. The mean of the annual daily maximum
measures for six pollutants are displayed for each of the three
communities in Figures la-lc.

There are several areas in which documentation of pollutant
exposures have been inadequate. Hydrocarbon and particulate lev-
els were not regularly measured at the Long Beach staiioﬁ buf
evidence from another study and the location cf the station down-
wind from the petrochemical industry suggests that levels of
hydrocarbons and particulates were high. Particulates have been
measured using the high volume sampler technique. Techniques
with separafion by particle size would, of course, have been more
helpfﬁle although isopleth studies have provided estimates oé the
representativeness of measurements of particular pollurants made
ar a fixed monitoriﬂg station, validation of these estimates
using a mobile or portable sampler to measure levels concurrently

was not carried out systematically.
H. Analyses

The major objecrtive of the analyses was to determineFWhether
there was a relationship between chénges in lﬁng function test’
results in areas exposed to different levels -and t&pes of air
pollution--Los Angeles County. A number'of_iSsues in the analy-

sis of these cohort data were addressed in "Changes in Lung Func-

tion and Exposure to Oxidants" ARB Contract # A0-133-32. Those
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related to potential problems of misclassification, measurement
of pollutants, characteristics of the participants, response
characteristics and the effect of acute exposures were dealt with

in that report and are only summarized here.

1. Variability

The variability of test procedures may be due to variability
in the procedures themselves (instrumenﬁation), variability in
ihe individual being tested, variability between a group of indi-
viduals, and/or variability due to outside factors such as sea-
sonal factors.

The intralaboratory variability of the spirometry field tests
was evaluated by comparison of initial and retest values on the
10% sample of participants who underwent immediate retesting
within several minutes of the original testing. The interlabara—
tory Qariability of the field tests was measured by direct com-
parison with observations made in a 3% probability sample
retested at the UCLA Pulmonary Function Laboratory. Correspond-
ing measurement in the field and in the UCLA laboratory were com-
pared‘individually as well as by groups of variables. Scatter
diagrams and indices of co-relationship were obtained and stu-
died, Test-retest results were very similar especially for the
major spirometric tests (FEVl, FVC,-FEF25_75%). )

Variability in the results of field laboratory tests relate&
to changes over time in the performance éharacteristics of the
measuring of calibrating instruments and/or in technical person-

nel could have led to consistent differences in field test
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results. Such differences might then be erroneously interpreted
as representing real physiological changes over time in the
cohort undergoing.re—examination° Comparison of current interla-
boratory (i.e., field laboratory-UCLA laboratory) variability
with that determined at the time of baseline testing served as a

needed check against such consistent errors.

2. Characterization of non-respondents

The results of retesting of lung function in the areas might
have been affected by fthe characteristics of respondents vs. non-
respondents. Therefor; individuals who have refused to undergo
retesting, who have moved too far from the original study to be
tested, who had been lost to follow-up, or who were too ill fo be
retested were characterized on the basis of reasons for non-
response, demographic, familial and occupational fact;rs, respi-
ratory history and lung function performance at baseline.

To determine if there were differénces between those who were
tested and not retested the mean observed/expected value for FEV1
among those retested and those not retested was computed. The
mean FEVl's for those who refused was lower in each stud& area
than among those who were retested or who were not retested by
virtue of moving. The overall mean FEVl values among those
retested was only slightly greater fhan the mean vglue for those
not retested-suggesting that the values observed for chénge may

be a small underestimate of the actual .rates of change for the

entire cohort had it been completely retested.
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3. Effect of acute exposures

Although the primary objective of this study was to determine
the relationship of long-term exposure to specific types and lev-
els of pollutants in community air and respiratory health and the
predictiveness of specific tests of lung function, the relation-
ship of acute exposure to specific pollutants was eyaluated by
correlating the lung»test performance of individuals to levels of
various pollutants on ithe day of testing. - No consistent assccia-

tion was found in these data.
IIT. ANALYTIC STRATEGIES

For the purposes of this study the population investigated
was limited to those subjects in three communities (Long Beach,
Glendora and Lancaster) who were surveyed.in both the baseline
and in the first followup resurvey; Furthermore, the population
was limited to adults, since there was no way to estimate whether
lung size changes in juveniles were related to unmeasured growth
spﬁrts and because questions exist about whether cigarette smok—
ing in juveniles 1is properly ascertained. The analytic issues
addressed by this report concentrate on: 1) factors which might
impact onbthe environment of the population (job, commuting, time
spent outdoors, etc.); 2) Geographic origin of study subjetts_
and its influence on early air pollution. exposures; 3) use of
cigarette smokingAhabit information; 4) the development of the
basis for sample size estimates for studies of this type; 5) the

selection of alternative outcome variables; 6) the consideration
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of possible groups of "susceptible"” subjects who could be identi-
fied as being at special risk of suffering effects of ambient air
pollution or other insults to the lung; 7) the examinatioh of
multivariate approaches to modeling the effects of ambient air

pollution or other insults to the lung.
A. Examination of Modifiers of Subject Environments:

Several items were collected on the survey questionnaires
which explored variations in living habits and patterns which
might affect the ambient pollution exposure of study subjects.

These included:

1) Commuting time. Data were collected as a continuous
variable using number of minutes reported by each sub-
ject. Distinction was not made between one-way and round

trip but it appears it was answered as round trip.

2) Time spent out-of-doors on weekdays and weekends.-These
data were collected in categories of time spent (K1, 1-3,
4-6, 7-9 and >9 hours/week or weekend)

3) Job type and location. These data were collected by

current type of industry and job title (coded according
to a list of 99.options), location of work (zip_codé),
duration of employment in cufrent job (categories of <1,
1, 2-5, 6-10, 11-15, 16-20, 21-25, and >25 years), time
spent outdoors at work, air modiﬁication at work, and a
series of questions about use of_selectea materials,
employment in specific industries or jobs, along with

duration and selected material exposures.
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4) Type of home air treatment, heating, and fuel,.These data

were collected on several different types of air treat-
ment (including air conditioning and humidifying), type
of heating system and, in two of the three communities,

the type of fuel used for heating and for cooking.

In order to examine the impact of community air pollution on
outcome variables these variables were considered for inclusion

in the multivariate models,
B. Geographic Origin of Study Subjects:

An initial hypothesis was that the bifthplace of a subject
and the geographic location of.the subject during physical growth
might be important predictors of the probability of response to
oxidant air pollution or of .the level of that response.

To examine this hypothesis, the residential history of each
subject was independently coded along with respdnses to the‘ques—
tion "Where did you spend most of your childhood?" The popula-
tion size of each city or town was thained from census data for
rhe appropriate era and these data were merged. The census data
are available at ten year intervals so each location was assigned
the population associated with it for the five years before and
the four years after cach census year.

Consideration was given to separately estimating relative air
pollution levels as well as the type of pollution (oxidant v.
reducing) for each location. There are, however, no adequate
data for almost all areas of the country, until quite recently,

and none before about 1965. Therefore, it was accepted that, in
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general, population size would be the only surrogate to estimate

pollution level over the years.
C. Use of Cigarette Smoking Habit Information

A detailed cigarette smoking history was collected for all
subje;ts at both surveys. These data permitted consideration of
smoking habit, amount smoked (pack years), and time since quit-
ting for those who had stoppeéd smoking. For the purposes of the
analysis the subjects included in the follow-up evaluation were
limited to those who had not changed rheir cigarette smdking
habit during the course of the study. Those quiftting smoking
were'defined-as those who had ceased regular cigarette smoking a

minimum of one year prior to the baseline evaluation.
D. Sample Size Estimation

Cross-sectional and prospective community—based-studiés'of
air pollution effects require substantial sample size to permit
identification of a general impact of air quality on pulmonary
function. The data from this study were employed in order to
estimate the size of such samples needed in future studies. This
effort was carried out in a two stadge process.

First, several different models were exblored for adjustment
of pulmonary function,‘accounfing fér the gender as well as the
different ages and heights of the subjects. These models were
compared both in terms of the amount of variance explained by
each and by direct inspection of the impact each model had when

applied to the extreme values of the subject population (very
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short or very tall, very young or very old).

Afrer selection of the most appropriate model, the data were
used to calculate the sample sizés necessary to achieve specified
powers for detecting differences. In order to accomplish this,
it was necessary to select a target difference. Since a level of
impact of air quality sufficient to attract both scientific and
regulatory attention was believed to be of the order of magnitude
of a cigarette smoking effect, it was decided to compute sample
size estimates which could detect differences observed between
the current smokers and non-smokers in the study population. It
can be argued that the expected differences due fto air quality
may be half as iarge as thosé observed between current and never
smokers. In that case, however, the sample sizes necessary would

be simply four times the sample sizes developed.
E. Selection of Outcomes:

The type of oﬁtcome variables collected in the two surveys in
each community limited the choice of outcome variables. There
were, however, a large number of pulmonary function tests used,
so that some investigation was required to select thosé,which
provided the least redundant and thé;efore the most independent
information. Three approaches were used to arrive at a final

selection:

1) A principal components analysis carried out on the several

pulmonary function test measures.
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2) Log linear analysis Seeking'significant associations
between seleéted pulmonary function measures which were
expected to be sdmewhat redundant.

3) Informed judgement of those experienced in lung function
studies of individuals and populations. This was neces-
sary so thal any result from the first two efforts would
meet with the essential criteria of‘biological ﬁlausibii—

ity and interpretability.

F. Considerations of "Susceptibility"

It has been suggested that a portibn of the general popula-
tion is, in some way, susceptible to insults to the lung and will
experience a differentially excessive impact of exposures to
agents toxic to the lung. An example of such a condition,
although rare, is the homozygous genetic trait of Being deficient
in alpha—l—antitrypsin.. Such persons are at unuéual risk of
developingvemphysemé° Retrospective analysié of smokiﬁg'popula—
tions has suggested that some cigarefte smokers experience
unusual acceleration of decline in lung‘function over time 1in
contrast to equivalently exposed peers. The.soﬁrce of this "sus-
ceptibility"”, however, has not been identified;

| In this study we attempted to classify subjects into groups
which might indicate likelihood of a greater response Lo an
ambient air effect ("susceptibility™). For example, those with a
physician diagnosed history of asthma mighﬁ be expected to expe-
rience long term effects of ambient air pollution differently

from those who are not asthmatic. Similarly those with reduced
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lung function at baseline may be expecﬁed to suffer accelerated
loss of lung function compared with those with normal or above
normal function at baseline (although an expected regression to
the mean nay make this group heterogeneous enough to prove nof
useful). Thirdly, those who are symptomatic at the outset of the
study may be more likely to show abnormal changes 1in function

over fime.
G. Multivariate Modeling for Respiratory Effects

These data have already been examined by stratified analysis
taking advantage of the large population size to examine for a
community (air quality) associated effect on.pulmonary funcrtion
and respiratory symptoms. The results are reported in the ARB
contract "Changes in Lung Function & Exposure to Oxidants"7.‘

In this study these same data were to be used to develop a
multivariate model which would simultaneously consider the :sev-
eral independent variables believed to have some impact on the
respiratory health effects outcome variables.

The approach included linear regression analysis using stan-
dardized pulmonary fun.tion measurements as the dependent vari-
able and logistic regression analysis after classifying these
same measurements into normal and abnormal categories. ’

o

IV. RESULTS

The study was designed to examine air quality impact on the

general population. Since a decision was made to estimate indi-
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vidual exposures to varying air quality through the use of area-
specific air monitoring station results, it was essential ihat
these results be appropriately assigned to each study subject.
The air polluition exposure data available on subjects, however,
was limited to the community of residence. This led to a deci-

sion to limit the study population accordingly.
A. Selection of Study Focus .

Tables 3 and 4 show the number of subjects who were.surveyed
successfully twice in éach of the three study communities
according to smoking history. Since Table 4 contains only sub-
jects whose smoking history was the =ame at both surveys the num-
bers are somewhat smaller than those reported in Table 3. The
vast majority of males and an important minority of females among
those listed commuted away-from their néighborhoéd reference air
monitoring station-whicﬁ made the targeted air monitoring station
data inappropriate for them for a substantial portion.of each
day.

Initially, the plan was to attempt to build an ambient air
exposure profile for each subject while accounting for-daily
activity. This would adjust each subject's ambient air exposures

for the times when the community‘air monitoring station was not
appropriate for estimating exposure; To this end the plan was to
use information from én estimate of exposure while aﬁ home

(ad justed for type‘of air treatment in rhe home, type of fuel
used for cooking, and amount of time spent out of deoors); an

estimate of the amount of-time spent commuting and amount of time
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spent at work (using an exposure estimate from an air monitoring
station close to work; an estimate of the amount of time spent

out-of-doors while at work; and an estimate of the types of work
exposures experienced if the job was other than 'white collar’).

This approach had to be abandoned, however, for a number of
reasons. When consideration was given to using the air monitor-
ing station which was closest to each commuter's place of work,
it became clear that this Was-not likely to be successful. As
described in the Methods secticn, the selection of the communi-
ties and rheir associated monitoring stations had been made with
careful consideration of 1) residence in close proximity to the
station, 2) differences in the types of pollution represented by
the three stations, and 3) lack of important physical barriers
within the commﬁnity which would invalidate the assumption that
the station measurements could serve as a reasonable approxima-
tion of the air quality in the vicinity of the home.

The workplaces of many of the male commuters were not as
close to air monitoring stations as their homes were to the three
community stations. In a number of instances there was no appro-
priate station near the work site. In addition monitéring sta-
tions near work sites included those where physical barriers pre-
sented a problem. Finally, the amount of data to be collected
from each air monitoring station waé substantial and could easily.
have led to an inappropriate assignment of resources.

It still might have been valuable to include males in the
study in order to attempt an estimate of the combined impact of

air quality and occupational exposures. To explore this possi-
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bility an analysis of the distribution of the job and exposure
histories of the male population was undertaken. Accounting for
all males surveyed both times (n = 1365) there were only 338 with
mention of any employment in jobs with possible adverse pulmonary
exposures or working in industries with such risks (asbestos,
baker, cotton, grain, miner, plaster, powders, sand blasting,
smelter, stone, and textiles). The largest number mentioﬁed
asbestos (104) of which 60% indicated five or more years in such
work. Next most common was the undefined term powders (63) with a
similar 60% reporting five or more years employment. The remain-
ing items were noted at most 31 times (smelter work with 107% of
those reporting this work indicating five or more years).

It might have been possible to take these "exposures” into
account but for several concerns. There was no documentation of
actual exposure. The numbers were small for any specific expo-
sure (except for asbestos). The public awareness of asbestos
exposure and cancer risk makes it highly questionable that the
asbestos exposure recorded is of the type to be sufficiently high
ro present a risk of non-malignant respiratory disease.

Given these considerations, it was'deviaed that it was not
possible to evaluate the impact of these types of exposures on
the male study population, although the subjects wouid need to be
excluded if unreasonable confounding of any nonfwoyk associated
efféct on respiratory health were to be avoided. After documenf-
ing these problems with interpreting the effects of ambient air
on the study subjects a decision was made .to limit the focus of

the study to adult (25-59) females who did not commute (Tables
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14A-C). This, of course, substantially reduced the s:iudy popula-
tion, but the decision was judged necessary in light of the -bove

considerations.
B. Examination of Modifiers of Subject Environments:

As indicated under the discussion of selection of study popu-
lation, a decision was wade not to consider work environment as a
modifier of home environment ambient exposures. Other such modi-

fiers, however, were considered accordingly.

l. Commuting time

Although the decision was made to concentrate the anralysis on
-females for reasons already discussed, commuting time was
examined for maleg to determine the magnitude of its possible
iﬁportance. The commuting habits of subjects from the th;ee com-
munities were somewhat different. Those malés who were employed
full rime and who estimated their round trip commute fo be up to
30 minutes included 61%, 57%Z and 53% in Lancaster, Long Beach aqd
Glendora, respectively. When looking at the proportion who com-
muted for longer than 30 minuﬁes, however, the distributions were
not similar. Those whose commute took between 1/2 and 1 hour
included 15% for Lancaster while Long Beach and Glendora's pro-
portions were 30%, and 29%, respectively. Therefore, there was a
large proportion of commuters in Lancasﬁer who traveled more than
one hour per day. In particular 15% indicéted they commuted from
1.25 to 1.5 hours per day. :In contrast 8% of full time employed

males in Long Beach and 10% in Glendora commuted rhis long.
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In order to utilize information on commuting it would be
ideal to have estimates of types and levels of ambient air pollQ—
tant exposures experienced by each commuter. These probably dif-
fer both by type of automobile, use of air conditioning, amount
of traffic and whether the commuter smokes or is exposed to smok-
ing during commuting. Such information is not available; there-
fore, a surrogate for these features was selected to be the num-

ber of minutes of commuting.

2. Time spent out-of-doors on weekdays and weekends

In recent years it has become clear that the difference
between indoor and outdoor ambient air exposures can be quite
large. For example, ozone levels outdoors may be substantially
different from those indoors, since wall, furniture and other
surfaces capture ozon2 .nd reduce ambient levels-indoors. T
would be desirable to differentiate subjects according to esti-
nates of the amount of time spent outdoors, since this time more
accurately reflects the air monitoring station results.

The survey instrument inquired about how much time was spent
outdoors during the Qeek .nd on the weekend for all subjects.
These results were distributed according to whether rthe individu-
als were employed full or part-time, or whether the person was a
student, unemploved, retired, or a Housewife. The results are
presented in Figureé 2a - 2c. As expected almost all housewives,
regardless of community, spent at least one hour a day outdoors,

while employed males and females spent less time. For the

employed persons those from Lancaster spent more time outdoors.
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On weekends, in general, all groups spent more time outdoors
with males most likely to be outside. The differences between
communities were considered by using this categorical measuré of
time outdoors in the modeling reported below, For this purpose
the time spent outdoors on weekdays was multiplied by five and
summed with the time spent outdoors on weekend days multiplied by

two.

3. Type of home air treatment, heating, and fuel

Some investigators have suggested that there are respiratory
health effects associated with residence in homes where natural
gas fuel is used for cooking. It can also be expected that air
treatment in ihe home can change the nature of indoor ambient air
exposures sufficiently to expose individuals to measurable dif-
ferences in air po lutant levels. Direct measurements of indoor
exposures were not available, but the quéstionnaire did include .
inquiries abouf home air treatment in.Glendora.hqmes at baseline
and in all homes at resurvey. In Glendora at the time of the
second survey a question was also added about ihe tvpe of cooking
fuel used. Since these data were not sysiematically available for
the surveyed population, they were reviewed with respect to their
"distributions according to other variables of interest. In this
regard suggestion of a1 confounding association with cigarette
smoking habit, age at.migration to Los Angeles and a measure of
susceptibility was being sought.

Distributions of home air treatment and of cooking fuel use

were examined among housewives according to community of origin,
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smoxing habit and whether a subject had an abnormal baéeline
measurement of pulmonary functioa, wh2iher the subject was born
in a Los Angeles community, or outside Los Angeles and whether
the subjects born outside Los Angeles moved to Los Angeles before
or after age 16. Given the number of variables being examined

- simultaneously, the number of subjects per cell were rather
small. Nonetheless, there was no evidence that the air treatment
in the home or the “vpe of coocking fuel (in Glendora only) were
differently distributed accordiﬁg to theée strata. As mentioned
earlier, it would have been preferable to have actual measure-
ments of indoor air pollution to address the effects of different
indoor ambient environments which might influence the association
of air monitoring results and measures of outcome. Air treatment
‘or cookiné fuel as surrogates for these iadoor exposures might
have been useful if they were differently diqtfibuted according
to outcomes of imporftance. Since such differenceé were ﬁot found

further use of these, as surrogates, was not attempted,
C. Geographic Origin

Data_&efe collected from the U.S. census reports for each
town or city for each decennial census and assigned to a subject
born in that town iﬁ the given decade. Identifyihg most of the
towns or cities was a reasonable task but for a smail percentage
no census information could be discovered.

A similar effort waws made to identifj residence from birth

until adulthood (estimated end of physical growth). A review of

the coded residential hisory along with the answer to the ques-
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tion about residence during childhood led to the judgement that
these da~a were noht reliable.

The interview schedule only asked for residential history for
the period of living outside of the primary community. Adults
may have answered this for their entire Yives or just for their
adult lives. To estimate how complete thes: reports were, the
sum of the years in each location was subtracted from each sub-
ject's current age to confirm that the difference was close to
zero. This required treating a subject's response about childhood
residence as referring to the first 18 years of life. In doing
this, however, more than a third of the population's residential
histories summed to more than five years short of zero and less
than a third had these differences equal to zero. This was raken
as evidence that the residential histories, especially childhood
history were incombléte;

Since use of the size of the population of the location(s)
where a subject was resident during childhood required accepting
thig surrogate as a measure of ambient air pollution exposure
during lung growth, it was already substantially removed from a
true estimate of that environmental exposure. Given the discov-
ery of incompleteness in the data, it was decided to limit this
exploration to the place of birth of subjects and not rtake

account of their location during physical growth after birth.
D. Cigarette Smoking Habit Information
There was some alteration in cigarette smoking'habit during

the course of the study period. This was not, however, of a mag-
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nitude sufficient to result in substantial reduction in the popu-
lation size. Since it is difficult to measure the iapact of
change of smoking habit during a study it was considered prefera-
ble to limit the study to those withouit change. On average 847
of males did not change their smoking habit compared with 887 of

females. The differences between communities was small and not

significant.
E. Sample Size Estimation

Regression equations from the literature (Xnudson et.al;,
Dockery et.al) along with some generated from this data set were
explored with the objective of finding those that were mest
appropriate for standardizing the various lung function measure-
ments examined. This effort concentrated on FEV1 and FVC since
these have beenrektensively studied, good published models exist
to estimate their values and such models explain more than half
the variance in these measurements.

Two sets of equations were generated from the study subjects.
One used the baseline measurements of pulmonary function for .
adult subjects while the other set was generated using the
measurements collected at the resurvey. The number of Hispanics
«nd. Blacks included in this study were too few fo generate stahble
estimates of pulmonary function for these ethnic‘and racial
groups. Since there are no generally accepted published equa-
tions for such groups, the evaluations feported are limited to

the white study subjects.
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In order to focus on the age group in which lUﬁg function is
most stable, only those aged 25 through 59 at the beginning of
the study were included. Data used to generate the regression
equations was limited to that from subjects who were never smok-
ers, had not changed their place of residence because of lung
function problems, and did not report symptoms of bronchitis nor
a history of asthma or emphysema.

Initially the FEVl for subjects from the three cities was
examined as a function of height separately for three height
groups for both males and females. The curves were generally
comparable. As a result, the data from the three cities were
combined to generate a single regression for e:.zh pulmdnary func-=
tion parameter, separately for males and females. Several alter-
native forms of the regressidn equations were developed for males

aﬁd females separately, including:

1) linear in age and'height

2) linear in age but quadratic in height

3) quadratic in both age and height

4) proportional regression model with FEV, or FVC

1
divided by the square of height

5) same as 4) but combining data for males and females
with sex 'as an indicator variable
In addition, two published equations were used .
6) linear in age and height (Reference 15)
7) proportional regression with FEV1 or FVC divided by

the square of height for both sexes (Referenie 16)
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The regression equations for FVC and FEVl for each of these
seven models are reproduced in Tables 5 and 6. In order to
evaluate the equatio-nsy several comparisons were made. First,
the stud: group was divided into subgroups by =ge and height. For
each heighf and age group, the average of the actual values of
lung fuuction and tha average of the predictgd values based on
each equation were calculared. These were then compared by
examining the differences between the averages for obsérved and
expected wirhin each age/height cell (sample in Table 7). Each
of the seven equztions was also used to predict FEVl_and FVC for
specified values of age and height.

The differences in pairs of these eQuations>were then organ-
ized by age and height groups. Table 8 presents an example of
the results for FEV1 for differences between Equation 1l and the
other six equations. Since no objective criteria exisf for mak-
ing these comparisons, the examination of the tables was accom-
plished at a joint meeting of the cliﬂicians, ebidemiologists and
biostatisticians. These meetings focused on the obssrvation that
each equation's estimates of age-height-sex specific values were
very similar for the mid range of age and height. [Each, however,
was differently variable aﬁ the extremes of age and height.
Since, at these extremes, no equation emerged as superior to the
others the decision was made to seléct the equations which were’
simplest in form and represented the study population best. As a
result the linear equations using the study population results
(represented by Equatidn 1 above) were selected as the ones to be

used for standardization.
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Several reasons can be cited for this decision. The simplic-
ity of the equations is attractive and will encourage future
investigators to consider their use., Second, the differences
among the equations were not sufficiently large to distinctly
identify any other one as the clear equation of choice. Third,
for the ~ge and height ranges in which they were the largest num-
ber of subjects, the linear equations seemed to do as well as, or
better than any of the other equatin:s. Analogous linear equa-
tions were derived for all the remaining lung function measure-
ment.s.

Table 9 includes the estimated regression coefficients for
mal.-s and females separately and also fér each survgy (Tiﬁes 1
and 2). Included also are the adjusted multiple R square for each
equation and ﬁhe standard errors of the coefficients for age and
height. Examination of the table indicates~severél conclusions.
First, there is no obvious difference between the time periods in
terms of the coefficients or the other quantites., The equations
for time 1, fitted to the full orginal sample, were fhen selected
as the standardization equations, since data for time 2 were
cbtained only frqm those who returned for resurvey. Examination
of the values of adjusted multiple R squared reveals that several
of the equations are not useful as standardizaﬁioﬁs, since these
values are too small. The only equétions used for-standardiza—
tion, therefore, are the ones for FVC, FEV1 and FEF25_75a

Once these decisions were made, a vafiety of ways of standar-
dizing values were applied. These standardizations were computed

separately for males and females and included the following:
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a. residual as value of observed minus predicted divided by
age at baseline:

(_Observed1 - Predictedl) / Age1
b. percent predicted at baseline
(Observed1 / Predictedl) * 100

c. difference between measurements at Times 1 and 2 divided
by the time interval:

(Observed

9 —_Observedl) / (Time2 - Timel),

d. difference of observed values, divided by the product of
rhe observed baseline value and the time interval

(Observed, - Observedl) / [Observed1 * (Time2 - Timel)]

2

e. difference of observed values divided by the product of
the predicted baseline value and the time interval

(Observed., - Observedl) / [Predictedl * (Time2 - Timel)]

2

f. Difference of observed div.ded by predicted at Time 2
ninus observed divided by predicted at Time 1:

(Observed / Predictedl)

2

-/ Predictedz) - (-Obéerved1

The means and standard deviations for these parameters for
smokers and never smokers by sex are displayed in Table 10.
For each of the measurements described, the sample size nec-

essary to achieve a specified power in detecting the observed
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d *ference between the two groups (current smokers and nevaer

"+ test. This was

smokers) was calculated by the two sample
done for specified powers of 0.75, 0.80, 0.85, and 0.90, The
power calculations approximated this by a normal test; since the

sample sizes are all large enough to ju:ztify this approximation.

Therefore the formula used for computing tfhe sample size is

2 sigma2 (Zl—alpha * Zl--beta)2
(mul - muz)
Where: mu, = mean for smokers
mu, = mean for nonsmokers
siyma = pooled standard deviation for the
tLwo groups

alpha = significance level
1 - beta = power
Zl—alpha = point to the left of which there is an érea

of (l--alpha) under the standard normal

curve;'Zl —betg 1S defined similarly.

Tables 11 and 12 show these sample sizes for males and

females respectively. It is noted that the required sample sizes

vary considerably for the different variables. The larger is the
quantity (mu1 - mu2)2 / sigmaz, the smaller is the required
sample size. Note also that standardizations can result in

either a smaller or larger sample size, depending upon the

measurement. being considered.
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It can also be argued that the expected differences due to
air pollution may be half as large as those observed between cur-
rent smokers and never smokers. In that case, the sample sizes
‘necessary are simply four times the sample sizes shoWn in the

tabies.
F. Selection of Qutcome Variables

A large number of pulmonary function measurements were col-
lected on the study subjects. The problems with plethysmography
were documented in the carlier report 7. The remaining.tests
derived from the forced expiratory effort and the nitrogen wash-
out were eligible for further consideration.

At the outset it was uvaderstood that a certain amount .of
redundancy was inherent in these tests. To some extent, they
could be consideredaas reflecting effects on the small‘or lirge
airways or the lung parenchyma. Since, however, none uniéuely
meaeure a specific component of physiologic lung function, the
overlap necessarily results in some redundancy. The use of prin-
cipal components analysis vas explored to determine if some
appropriate combination of pulm,.ary function measures would pro-
vide a good summary measure of respiratory function.

A number of sets of pulmonary function va?iables were
iﬁspected ar subsets (e.g. city, sex, age) of persons to see if
there were linear funetions of them which varied considerably or
.alternatiVely did not vary much over the members of the group.
Both baseline pulmonary function measurements and changes in

measurements over time were considered. A3 expected, there were
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such functions, roﬁghly consistent over the groups. However,
these new variables did not correlate with air péllution indices
better than the single pulmonary measurements did.

A second effort was focused »u the interpretation of results
of a more direct examination of correlations among the following
(FEV

FEVl/FVC, delta N2, VSOQ and FEFZS__./S)° These tests were

19
selected as the ones which are considered by respiratory phy-
siclogists as most likely to be estimating the function of rela-
tively discrete parts of the respiratory tract. The analysis was
carried out by developing a log-linear model performed on all
subjects with no change in smoking history during the study
inter?aln The model included smoking status and permitted all
interactions but only two-way interactions'proved informative.

‘Tﬁe log-linear model required'that each variable's range be
discretized and.in this case the ranges were dichotémized. Each
of the pulmonary function values for each subject was classified
as either "low" or "high"™. "Low" values were those one or ‘more
standard deviations below the standardizing equation's prediction
for the individual.

The data were then classified into a multidimensional table

according to cach individual's measurements. The log-lincar

model stipulates that the logarithm of the probability that an

ht

[

individual falls in a given cell follows a model similar to t

of an analysis of variance. Specificallyﬁ
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"Logarithm

of the probability grand mean
+ main effect for each variable
+ two-way interactions for each

pair of variables

+ three-way interactions

Details of this model and its uses can be found in the moro-
graphs by Knoke and Burke L7 or Fienberg 18{ The aﬁalysis was
performed by the program BMDP4F.

The results indicated that most of the tests had borh signif—
icant partial and marginal aésociations (s=ze Table 13). All the
pairs of variables having significant interactions are listed in
“he table. For ex-mple, among the malex ihere is a significant
interaction between smoking and delta NZ’ between smokipg and
FEF etc. Of interest was the minimal_éssocigtion of the

25-75"

delita N2 result (only associated }ith the FEVl/FVC). Since these
findings did not lead to a definitive conclusion they wers= used
as backgrounad to a discussioq where tests were seiected based on
a judgement that each one was likely to represeat a distinct com-
ponent of pulmonary bhysiologic capacity.

In essence an experi consideration of these statistical find-
ings was undertaken with the objective of reducing the number of
outcome measures of pulmonary function to those which were either
not correlated, or if correlated would still permit intefpreta—

tion of different associations with independent variables. The

final judgement was to select FEV1 as a measure of volume (prf-
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erable to FVC since it is timed and has a specifically defined
end point), FEVl/FVC as a measure of large airway function , and
delta N2 as a measure of small airway function.

These outcomes were then employed in multivariatw modeling.
The baseline observed value was standardized as a percent of pre-
dicted (Z O/P) or as a residual difference from predicted (0 -P),
using the equations predicting the three pulmohary function mea-
sures for the three communities combined for white, aged 25-59
never smokers from Table 9.

For the change in function over time the result was calcu-
lated directly as a rate differ-ence, subtracting the baseline
from the follow-up vélue and dividing by the interval between the
two,

These variables were treéted as dependent variables in multi-
variate models bpth in their continuous form and as discrete out-
comes classified as normal -or abnormal. The discrete outcomes
were designed to reflect possible "susceprible" or "sensitive”
s:bpopulations (the "abnormals") to compare with those considered
"non-suscepnible" or "non-sensitive™ (the "normals"). Such sub-
groups might experience different effects compared to the re-t of
the population which would be evident in the multivariate model.

In order to identify an app-opriate cut-point for these caie-
gorizations, an arbitrary decision Qas made to use'1.5 standard
errors below the predicted value for baseline measures of FEVA
and the clinical criterion of 70% for the ratio FEVL/FVC.

Since it has prov=n extremely difficult to identify a

reliable way fto examine respiratory sympiom change longitudi-
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nally, sgch aﬁ effort was not attempted. However, symptoms and
respirato:y health history were used to identify another type of
"susceptible”" population. Two symptoms were combined. The first
was a history of astima confirmed by a physician. The second was
report of 20 or more days per year when breathing sounded
wheezev., Persons answering "yes" to both of these questions were

collapsed into one subgroup of "susceptibles™ (labeled Asthma +

Wheaze).
G. Modeling of Pulmonary Function

The multivariate modeling was planned to use the depondent
variables as continuous 2nd as dichiiomous outcomes. The depen-
dent variables for linear regression on baseline values of pulmo-

1’ 1

observed (0), observed as percent of predicted (% 0/P) and as

nary function were FEV FEV., and delta N2 each represented as

observed - predicted (0 - P). The lependent variables for change

in pulmonary function were FEV FEVl/FVC and delta NZ repre-

1 b
sented as annualized values. The independent variables to be

used depended, in pari, o¢on analysis and the model.

1. Never Smoking Non-commuting Females

For the‘major linear regressibn modeling the f£icus was on
estimating an effez® on pulmonary function among never smokiag
women who did not commute. The relationship of the size of this
group in relationshi, to ihe overall group of women is shown in
Tables 14A-C by smoking and susceptibility group. In this case

ihe following independent wvariables were used: age (contiiluous),
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Height (continuous), time outdoors (continuous), community (indi-
cator for ear-h of the three communities), birthplace (dichotomous
as Los Angels or other), size of birthplace city (continuous) and
birth year (continuous). Age is measured at examination time.
Since exams were at different times over a total of ten years,
¢:yze and birth year give different information. All models were
developed using the forward stepwise procedure BMDP2R and includ-

ing those variables which met the minimum of F > 2.1 (p < 0.15).

Linear Regression on Baseline Function Measures: For modeling
the actnal value of the functi.n test (Table 15), age and height
were significant for all three variables (FEVl, FEVI/FVC and
delta NZL For FEVl, the larger the population of the birthplace,
the larger the measured fuaction. Whether tﬁe birth occufred in
Los Anéeles or elsewhere was not important. Residence -in one of
the three different communities was no! significant either. To
the extent that si;e of birthpla;e was an indicator for an envi-
ronment with more ambi»nt air pollution, these results did not
suggest individuals with bertter lung function were more likely to
be born in "less pollutéd" comnunities., When FEV1 was adjusted
(as percent predicted or residual) ne improvement in tHe model
was noted.

For FEVI/FVC, age and height were significant, although the
age association was in a positive direction. T2 addition birth
year, buft not size of birthplace was associated with larger (bet-
ter) values. Here, however, residence in Long Be=xch was associ-

ated with poorer function.:
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For delta N2 only age and height were significant., In dei—
ther of these cases was the adjusted R2 value at all sizeable.
The adjusted R2 takes into account the number of variables and
the sample «ize. There is no direct relationship to significance

level.

Linear Regression on Change in Function Measures: Although
the overall adjusted R2 values were small for each of the three
pulmonary functio.. parameters measurihg a change over time, it
was interesting to note tht accelerated decline in FEV1 was
associated Qith residence in Glendora and a slowed decrease in

delta N2 was assoclated with residence in Lancaster.

Logistic Regression on "Normal" Qutcomes: When stepwise
logistic regression was usei tb examine the probability of a
"normal™ outcome (i.e. a subject categorized as "non-suscep-
tible™) FEV1 was associated positively only with time épent
outdoors (Table 16). For FEVl/FVC, using <70% as the cuz-point,
the same association was seen for time soent ouidoors but, in
addition, being born in a city of size greatér than 10,000 was
negatively associated (lower baseline FEVl/FVC).

Time spent outdoors and being born ocutside Los Angeles were
positively associated with thelabsence of a history/symptom com-

t

plex of asthma plus current wheezing (as an iadicator of "non-

susceptibility")., In contrast to the linear regression, there is

no measure of the explanatory power of the logistic regression

currently available.
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2. Non-commuting Females with Smoking History:

4 similar analysis was directed at the housewives and other
non-commuting females with any cigaretfe smoking history {current
and former smokers combined). For this analysis no ai empht was
made to include any quantification of the smoking history in the

model.

Linear Regression on Baseline Function Measures: Size of

birth leocarion was still positively associated with baseline FEV}
(Table 17). Now, however, there was also a negative association
between residence in Long Beach and both percent predicted and
residual FEV1 .

For FEVl/FVC only age and height were associated with the
ratio. In contrast to the finding in non;smokers, however, the
age association is negafive (as expécted)n ~ The onl& variable to
enter the model for percent predicted FEVl/FVC or residua?
FEVl/FVC wvas residence in Gléndora, This association was positive
b.t the overall adjusted R2 is very small.

In the case of delta N2 rhere is an association of time spent
ouiidoors with larger (poorer)-values as well as a negative asso-
ciation (of better values) with residence in Glendora. When
examiniﬁg the adjusted valués for delta NZ’ similar results
obtain wiiih the addition of a negative association with size of

birth city.

Linear Regression on Change in Function Measures: When

examining change in the pulmonary funcrtion paramete:s over time,

the ~ame association with study community residence is seen for
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F%;V1 and for delta NZ' There is, however, the additional
association of an decelerated change in ratio and residence 1in

Lancaster.

Logistic Regression on "Normal" Outcomes: The only finding

wor-hy of mention in the logistic analysis is the identiZication
of a negative association with residence in Long Beach aad a pos-
itive association with residence in Glendora for "normal"” FEV,

(Table 18).

3. Effect of Commuting

"Although the effort to associate pulmunary funciion with
~mbient air pollution required limiting the study to non-
commuters, it was considered appropriate fo exémine the magnitude
of the effect of cémmuting on pulmonary funcfion..,For this pur-
pose males who commufed were examinéd by adding an independent
vériable for minutes spent commuting to the models used for non-
commuting females. The results of this analysis suggested that
the effect of commuting was quite small (of the ord:r of .0005

mls/minute of commuting) in modeling. baseline FEVlD and -0.005

mls/minute for rate of change in FEVIG Fither air pollution
exposure duriay comnu:ing is not effectively measured by this
surrogate, or the effect of exposure during commuting is ver;

small.

4, Alternative Models of Community Exposuré

The models above considered the three study communities

separately each one being a community with a specific ambient air
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contaminant profile. There was variation of the six basic air
contaminants over time both within a community and between the
three communities. This variation in differeni levels of each
air contaminant was difZicult to model since th: subjects in each
of the three communities could not be distinguished from others
in the same communifty with regard to their exposures over the
five-year study interval.

Since there was no clear prior hypothesis conucerning which
particular cembination of pellutants would most likely be more
strongl; associated with poor outcomes, models were genervated, as
above, for cach of the three combinations of two communties.
However, the sets of models generated for fthe three péirs of com-
munities were not distiaguishable., It is possible that groupings
of two or more of the individual air contamiﬁants (502, Sulfates,
Particulates, NO,‘NOZ, and Ozdne) may prove of ihterest in future
studies. In order to examine this possibility it will be necs-
sary to have subjects who have exprienced a variety of different
combinations of different levels of two or more of these contami-

nants.,

V. CONCLUSION

These investigations provided some useful information for
future study of the effects of ambiént air pollutign on fespira—
tory health. Many of the significant implications of the find-
ings have already been described and discussed in the previous
report on these follow-up data, "Changes in Lung Function & Expo-

sure to Oxidants'", ARB Contract # A0-133-32. . Of importance
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here is a summary of the methodologic iésues and the findings
peculiar to this effort.

The multivariate analysis of pulmonary function on the avail-
able measures or indicators of ambient air pollution along with
confounders and effect modifiers did not provide a clear model
which was able to improve on the earlier stratified analysis.

The failure to improve on the earlier analyses does not reflect
adversely upon those analyses; it is instead primarily due to
insufficient specificity and detail in the data on air pollution
exposure not measured by ambient air monitoring.

It must be understood that a key feature of this analysis was
the dependence on quite limited information on ambient air expo-
sure. In the earlier stratified analysis the results suggested
differences in the direction expected (poorer baseline function
and accelerated decrements) in the two cémmunities which were
selected because they had higher (although different) ﬁollutant
levels than did the third.10711

" For this effect to be well modeled by multivariate analysis
would require a good and continuous relationship between the pol-
lution measure and the functional outcomes. If the two communi-
ties have residents with poorer function for differing reasons
(even if both are related to ambient air pollution), then an
attempt to include them in one model may fail.

Furthermore, the inability to account for variarion in air
pollution exposures due to differing typés of indoor air pollu-
tion, passive cigarette smoking, activity level, effects of com-

muting, etc., makes the task even more difficult. Future studies
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will need to take advantage of more detailed attention to indi-
vidual exposures within the home, the local environment and the
workplace.

The hypothesis about importance of birthplace on development
of pulmonary function and "susceptibilityh to the effects of
ambient aif pollution remains an intriguing one. Unfortunately,
rhese data were not collected specifically to address this ques-
tion. As a result, the analysis was limited to the use of what is
probably a rather distant surrogate of the real concern with
exposure in the first year of life and during growth. For
example, using population (which in many large communities in the
west has continued to expand) does not account for variations in
industrial exposure as "smoke stack industry" grew and then col-
lapsed and as communities became increasingly aware of the impor-
tance of controlling industrial pollution. In addition, there is
the possibility that birthplace is only important in the extremes
of exposure which céuld not be well characterized by population
alone. It would seem that this hypothesis deserves testing by a
study designed specifically to address it.

The effects of ambient air exposure do not appear to be so
overwhelming in the general population_as to make their identifi-
cation matter of féctu This led to the attempt to focus on “sus—
ceptible™ subpopulations in anticipation that they.would be most
likely to experience adverse effects, if such effects occur.

This attempt also did not succeed, but again the study design was

not created to test such an hypothesis.
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It is recommended that an effort be made to develop consensus
criteria for the definition of different types of "susceptible”
populations (e.g. asthmatics requiring medical therapy, subjects
with documented hyperreactive airways, persons who develop
frequent colds in seasons associated with increased ambient air
pollution, etc.). Such populations could then be followed for
evidence of both acute and chronic response to ambient airbpollu~
tion. It is likely that such subpopulations are not such a small
part of the general population as to be a poor target of research
aimed at identifying population effects requiring ameliorafion.
It is also intuigive that such populations are the ones most
likely to show an effect and therefore the group deserviﬁg of
priority in future investigations.

The finding which was most encouraging was that regarding
sample size. It would appear that, for the major measures of
pulmonary function, relatively small samples can be followed to
identify levels of effect equivalent to those seen when cigarette
smokers are compared.to never smokers, Even if half such an
effect were of interest, the numbers of subjects 1is noft unreason-
abiy large.

The importance. of this observation is clear when one consid-
ers the problem of dropoufs in any longitudinal study. As was the
case here, a substantial number of ﬁersons may leéqe a community
during a study which continues over five years. More frequent
measures of function woula permit use §f.information from the
shorter followup periods for those who 1ea§e before the study's

conclusion. On the other hand, a smaller group, carefully culti-
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vated to cooperate and to provide some of the detailed informa-
tion needed for refined analysis of ambient air pollution
effects, could prove much more productive of the kind of informa-

tion required to address the need.
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Table 3

Number of Subjects Derived from Original
Survey Available for Followup Analyses

City Total Tested Adults Tested Adults
at Baseline at Baseline Retested

Lancaster

Males 2085 8973 535

Females 21886 1081 537
Long Beaéh

Males 1668 746 363

Females 1987 " 878 A
Glendora

Males 1535 757 467

Females 1721 870 556

* Adult = Age 25-=59
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Table 4A

Number of Subjects Retested According to Unchanged
Smoking Habit and Susceptibility Group *

LANCASTER
CURRENT SMOKER NEVER SMOKER FORMER SMOKER
Male Female Male Femalé Male Female
Toral** 134 157 165 315 144 79
Baseline FEV1
Normal 105 115 147 273 128 68
Abnormal 25 - 36 13 32 g 8
Baseline FEVI/FVC
Normal 107 120 142 280 127 69
Abnormal 23 31 17 25 10 7
History of Asthma
or Wheeze
Normal I 133 152 162 310 143 | 78
Abnormal 1 -5 3 : 5 1 1

See text for definition
Due to missing values susceptible & nonsusceptible is not always
equal to the total

® %
#*
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Table 4B

Number of Subjects Retested According to Unchanged
Smoking Habit and Susceptibility Group *

LONG BEACH

CURRENT SMOKER NEVER SMOKER FORMER SMOKER

Male Female Male Female Male Female

Total** 76 96 131 236 92 60
Baseline FEVl

Normal 60 68 116 203 70 51

Abnormal 11 24 10 23 17 6

Baseline FEVl/FVC

Normal 57 79 118 205 74 49
Abnormal 16 13 8 21 .13 3

History of Asthma
or Wheeze

Normal 75 94 130 234 91 58
Abnormal . 1 2 1 2 1 2

See text for definition
Due to missing values susceptible & nonsusceptible is not always
equal to the total ‘
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Table 4C

Number of Subjects Retested According to Unchanged
Smoking Habit and Susceptibility Group *

GLENDORA
CURRENT SMOKER NEVER SMOKER FORMER SMOKER
Male Female Male Female Male Female
Total** 102 102 163 311 134 » 84
Baseline FEV1
Normal 79 77 155 278 124 70
Abnormal 23 25 8 33 10 14
Baseline FEVI/FVC
Normal 88 35 144 295 123 79
Abnormal 14 17 19 16 11 5
History of Asthma
or Wheeze
Normal 101 98 161 306 129 81
Abnormal 1 -4 2 5 5 3

See text for definition
Due to missing values susceptible & nonsusceptible is not always
equal to the ftotal

3% 3

*
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Table 54
Alternative Equations for Predicting
FVC by Age and Height
White Male Never Smokers Ages 25 - 59

Forced Vital Capacity

1.  FVC = -7.4084 - 0.028 * Age + 0.195 * Ht
2. FVC = 44.9300 ~ 0.029 % Age - 1.306 * Ht + 0.0108 * Hr2
3. FVC = 45.5996 - 0.411 * Age — 1.319 % Ht + 0.0001 * Age” +
0.011 * Ht?
L. FVC = Ht? % [0.0013 - (0.51 * Age + 0.0014 * Age?) * 107°]
S. FVC = Ht? * [0.0011 - 0.0002 * Sex
(0.22 * Age - 0.0095 * Age’) * 107°)
6. FVC = -5.459 — 0.029 * Age + 0.065 * Hr * 2,54
7.  FVC = Ht? % [0.0012 - 0.00019 * Sex *
(0.87 * Age + 0.65 * Ageg) * 10—7]
Standard Errors of the Estimate for Coefficients fof FVC
Const. Age Height Agez ‘Heightz ~Sex | r2
1. 1.0115 0.004 - 0.0l4 - - C 0.4469
2.17.2186  0.003  0.494 - 0.00035 - 0.4621
3.17.3334 0.032  0.496 0.00004 0.0036 - 0.4608
4. 0,0001 0.67 - 0.008 - - 0.1739
5. 0.0001 0.24 - 0.0041 - 0.000008  0.4812
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Table 5B
Alternative Equations for Predicting
FEV. by Age and Height
White Maleée Never Smokers Ages 25 - 59

Forced Expiratory Volume in One Second

1. FEV, = -4.1391 - 0.026

1 * Age + 0.135 * Ht
2. FEV, = 28.4249 - 0.264 * Age - 0.8029 * Hr + 0.0067 * He 2
3. FEV, = 29.0178 - 0.037 * Age - 0.814 % Hr + 0.00013 * Age’ +
0.0068 * HtZ |
4. FEV, = Hc® * [0.00109 - (0.61 * Age + 0.00067 * Age®) * 107°]
5. FEV, = HeZ % [0.0010 - 0.00015 * Sex *
(0.08 * Age - 0.0056 * AgeZ) * 107°]
6. FEV, = -4.203 - 0.027 * Age + 0.052 * Hr * 2.54
7. FEV, = g% % [0.00099 - 0.00013 * Sex *
(0.262 * Age + 0.004 * Age’) * 107°]
Standard Errors of the Estimate for Coefficients for EEVl
Const. Age Height Age2 Height2 Sex ;2
1. 0.8084 0.003  0.01l1 - - - 0.4204
2.13.8637 0.003  0.398 - 0.0029 - 0.4309
3.13.9555 0.026  0.400 0.00031  0.0029 . 0.4336
4. 0.0011 ‘0053 - 0.00634 - - 0.2056

5. 0.0001 0.28 - 0.0033 - 0.000006 0.4812
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Table 6A
Alternative Equations for Predicting
FVC by Age and Height
Whitre Female Never Smokers Ages 25 - 59

Forced Vital Capacity

1. FVC = -2.6681 - 0.021 * Age + 0.109 * Ht
2. FVC = -3.0444 - 0.022 * Age + 0.119 * Hr - 0.00007 * He?
3. FVC = -3.0537 + 0.024 * Age + 0.093 * Hr + 0,00055 % age” +
0.00013 * Ht’
4. FVC = Ht? % [0.0008 + (0.62 * Age - 0.014 * Age’) * 107°]
5. FVC = Ht? * [0.0011 - 0.0002 * Sex *
(0.22 * Age - 0.0095 * AgeZ?) * 107°]
6. FVC = -1.744 - 0.022 % Age + 0.037 * Hr * 2,54
7.  FVC = Ht? % [0.0012 - 0.00019 * Sex *
(0.87 * Age + 0.65 * Age’) * 107']
Standard Errors of the Estimate for Coefficients for FVC
Const. Age Height Agez' Height2 Sex r2~
1. 0.5205 0.002  0.008 - - - 0.3800
2. 9.0836 0.002  0.283 - 0.00221 . 0.3889
3. 9.0339 0.016  0.282 0.00019  0.0022 - 0.3956
4. 0.0001 0.39 - 0.005 - - 0.2222

5. 0.0001 0.34 - 0.0041 - - 0.000008 0.4812

-73- .



Table 6B
Alternative Equations for Predicting

FEV., by Age and Height
White Femdle Never Smokers Ages 25 - 59

Forced Expiratory Volume in One Second

1. FEV, = -1.1210 - 0.022 * Age + 0.077 * H:
2. FEV, = -5.6180 - 0.022 * Age + 0.2154 * Ht - 0.0011 * Hr 2
3. FEV, = -5.6242 + 0.008 * Age + 0.198 * Hr - 0.00037 * Aggz ;
0.0009 * Hi®
L. FEV, = He2 * [0.0008 + (0.22 * Age — 0.0093 * AgeZ) * 107°]
5. FEV, - HeZ * [0.0010 - 0.00015 * Sex *
(0.08 * Age - 0.0056 * Age’) * 107°]
6. FEV, = -0.794 - 0.021 * Age + 0.027 * Hr * 2.54
7. FEV, = Ht’ * [0.00099 - 0.00013 * Sex *
(0.262 * Age + 0.004 * Age?) * 107°]
Standard Errors of rhe Estimate for Coefficients for FEVl'
Const. Age Height Age2 Height2 Sex :2
1. 0.4217 0.001  0.006 - - - 0.4143
2. 7.3998  0.001  0.2309 - 0.0018 . 0.4218
3. 7.3741  0.013  0.230 0.00016 0.0018 - . 0.4258
4. 0.0011 0.32 - 0.0038 - - 0.2979

5. 0.0001 0.28 - 0.0033 - 0.000006 0.4812
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Table

7

4

Mean Difference Between Actual and Predicted FEV, (Time 1) for Age-Height

HT =56 -60 AND

MT=61-52 . AND

HT=63-65  AND

HT=66-68 AND

HT»69-72 AND

N = 1«7 refers to
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C.09
0.27

-0, 16
«0.12
0.29
0.03

33-37

-0.03
0.12
-0.04
-0.07
-0.02
0.09

0. 10
33-37

" -0.10

0.03
~0.13
0. 17
~0. 12

0.03

0.01

33-37

0.00

L 0.13
-0.04

-0.12
-0.07
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0.08
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0.05
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0.26
Q.25
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0.09
0.01
0.08
0.28
0.22
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.02
0. 16
-0.03
-0.17
~Q. 14
o.18
0.06
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0.10
-0.12
-0.06
. 0.32
0.13

43-47
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Q.24

‘0.08°
- 0.02

0.07
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-0.01
0.13
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-0.18

-0.12
0. 1a
0.06
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0.22

0.42
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<0.03

0.03
O.41
Q.24
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4

-0.27

~0.12
=0.25

-0.33

-0.30

-0.18
~-0.15
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the ‘numbers of the equations from Table 6
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Table 8
Comparisons of Equation Selected for Standardizing FEV, with
Alternatives: Paired differences in Predicted FEV1 for %alues of
Age and Height in Females

EQ1-£02 AGE= 25. 30. 35. 40. = 4as. .
HT= 53. 0.24 0.24 ©0.24 0.24 0.24 0.25 0.25 0.25
0.16 0.16 0.16 0.16 0.16 0.16 0.16
C0.13 0 0.13 1 0:33 50.13°7 0.13:1.70.94 014
-0.15 0,18 0:.16 0.16 0.16 ~ 0.16 . 0.16
- 0.24 - ©0.24 .7 0.24 :.0.24..7'0.24 . D24 - Q.24
0.37 0.37 0.38 0.38 0.38 0.38 0.38

EQ1-EQ3 . 30. 38,
Co 8013700100
0.04 ~ Q.01

-0.00 ~0.04 -
-0.00 -0.03
0.05 0.02

CEGT-£Q4 .

' EQ1-£0%
HT=

~ EC1-EQ6
R |

Footnote: EQL - EQ7 refers to equations 1 - 7 for FEV1 from Table 6
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Table 9

Regression of Lung Funciion Tesi Measurements on
Age and Height with Glendora, Lancaster and Long Beach Combined

MALES
Estimated
Regression Coefficient S.E. Adjuited
Intercept Age Height Age Height R
Time 1
FVC ~7.408 .028  .195 .004 .0l 447
FEV, ~4.139 026 .134 .003 .01l 420
FEV]/FVCE 119.942 .055 -.500 .029 . l44 .053
Ve, ' .705 .025  .085 .008  .031 .048
LA ~1.414 .032  .205 012 .048 .072
F€?25_75 1.431 029,062 .006 . .023 .094
AN, .253 .009 -.001  .003  .010 .031
Time 2
FVC -6.472 .027 .179 .004 .014 446
FEV, -3.265 026  .120 .003  .012 412
FEV]/FVCZ 122.161 .091 -.514 .028  .019 .082
ey 1.087 026, .072 .007  .027 .069
Toax ~.622 .038 .169 .009  .035 .138
FERD. . 1.984 033 - .052  .006  .022- 1122
AN, _.575 .009 012 .002  .009 .036
FEMALES
Time 1
FVC ~2.668 .021 .109  .002 .008 .380
FEV, ~1.121 .022 .077  .001 .006 414
FEV)/FVC 114.934 .122  -.394  .024 .110 .052
Ve, 3.847 .023 .020 004 .019 .049
Ty 3.206 .032 .089 1006 .027 064
FESD. . 2.577 -.032  .034  .003  .016 141
AN, 713 014 .009  .002 .01l .060
Time 2
FVC ~2.322 .025 .103  .002  .008 440
FEV, | ~1.434 .024 .081 .00l .007 488
FEV]/F,C% 103.140 123 220 .022 104 .054
v
'50 126 .028 .074 004 .017 130
L ~.804 .038 .138  .005  .021 202 .
FEED. . 694 -.034  .059  .003  .0l4 221
AN, , ~.137 .010 .002  .003 .013 .092
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Table 10 "
Statistical Values for FEV., and Related Measures
By Smoking Ha%it

MALES FEMALES
n Mean S. D. n Mean S. D.
Observed (01)
Smokers 233 3.775 0.751 243 2.686 0.506
Never Smokers 352 4,150 0.694 649 2.879 0.472
01- P1
Agel
Smokers . 233 -0.008 0.0198 242 -0.004 0.011
Never Smokers 351 0.000 0.015 648 0.000 0.010
Ql/ P1 * 100
Smokers 233 81.533 14.303 242 93.559. 13.835
Never Smokers 351 1007146 12.435 648 100.070 12.528
02 - 01
2 - T1
Smokers 216 -0.068 0.061 230 -0.049 0.03¢9
Never Smokers 344 -0.054 0.050 .634 ~-0.044 0.040
02 - 01
01(T2 - T1)
Smokers 216 -1.846 1.705 230 -1.906 1.619
Never Smokers 344 -1.297 1.237 634 ~-1.528 1.380
0z - 01
P1(T2 - T1)
Smokers 216 -1.708 1.574 229 -1.769 1.326
Never Smokers 343 -1.327 1.229 633 -1.562 1.424
02 _ o1
2 P1
Smokers 232 -6.229  9.632 242 ~6.405  7.871

Never Smokers 351 -3.738 7.189 647 -4 ,.864 8.250

o,

* For precise definitions of variables see pages 42-43.
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Table 11
Sample Size Required to Detect a Difference as Big
As that Between Current and Never Smokers (Males)

AN

POWER
75 .80 .85 .90
FEV,
01 | 40 46 53 63
(01-P1)/Agel 33 38 L4 53
01/P1% 26 30 34 41
(02-01)/ Time 153 176 205 244
(02-01)/(01*Time) T 74 85 99 118
(02-01)/(P1*Time) % 140 161 187 223
(02/P2-01/P1) % 118 136 158 188
FVC |
01 64 74 86 102
(01-P1)/Agel | 53 1 71 85
01/P1 Z 45 52 60 72
(02-01)/Tine 908 1045 1214 1447
(02-01)/(01*Time) % 262 416 483 576
(02-01)/(P1*Time) Z 691 795 923 1101
(02/P2-01/P1) % 445 511 504 708
FEF,5_75 |
01 51 58 68 81
(01-P1)/Agel - 64 73 85 102
01/P1 % 45 51 60 71
(02-01)/Time (55 178 207 245
(02-01)/(01%Time) % 60 69 80 95
(02-01)/(P1*Time) % 156 179 208 243
(02/P2-01/P1) % 156 180 209 249
FEV, /FVC
01 94 108 125 149
(02-01)/Time 143 164 190 -~ 227
(02-01)/(01%Time) 7 135 155 180" 214
2 . ‘
01 67 77 90 107
(02-01)/Time 182 210 243 200
(02-01)/(01%Time) % 1334 1534 1783 2125
7 | o
50 oy 113 130 151 180
(02-01)/Time 133 153 178 212
(02-01)/(01%Time) % 64 74 86 102
A _ |
MAX 01 151 174 202 241
(02-01)/Time ' 779 896 1041 1241
(02-01)/(01%Time) % 214 246 286 341
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: Table 12
Sample Size Required to Detect a Difference as Big
As that Between Current and Never Smokers (Females)

POWER
.75 .80 .85 .90
FEV, .
01 68 78 90 107
(01-P1)/Agel . 68 79 91 109
01/P1% 43 49 57 68
(02-01)/ Time 558 . 642 746 889
(02-01)/(01%Time) % 158 182 211 252
(02-01)/(P1%Time) % 488 561 652 777
" (02/P2-01/P1) % 302 347 403 480
FVC
01 214 246 285 340
(01-P1)/Agel 258 296 344 410
01/P1 2 142 163 189 226
(02-01)/Time 675 776 902 1075
(02-01)/(01*Time) % 359 412 479 571
(02-01)/(P1*Time) 3% 684 787 914 1089
(02/P2-01/P1) % 610 701 815 . 971
FEF)5_75
01 : 47 54 53 .75
(01-P1)/Agel 63 73 85 101
01/P1 % 43 49 57 68
(02-01)/Time 32507 37388 43448 51787
(02-01)/(01*Time) % 299 344 400 477
(02-01)/(P1%Time) % 6300 7246 8421 10037
(02/P2-01/P1) % 1377 - . 1583 1840 2193
FEV,/FVC
01 58 66 77 92
(02-01)/Time - 2173 2499 2904 3461
(02-01)/(01*Time) 3 1342 1543 1793 2138
A%,

. 01 77 88 102 122
(02-01)/Time 78 90 104 124
(02-01)/(01*Time) 7% 769 885 1028 1226

50 41 67 77 - 89 106
(02-01)/Time 16254 18695 21725 25894
(02-01)/(01%Time) % 255 294 341 407

v, | ' :

MAX o1 ‘ 107 123 143 170
(02-01)/Time 12232 14068 16349 19486
(02-01)/(01*Time) % 1090 1253 1456 1735

Table 13

-80-



Table 13

Significant Variable Pairs £for Smoking
and Selected Pulmonary Function Measures

Partial Association Marginal Association
Two Way Association D.F. Chi2 Prob. D.F. Ch12 Prob.
Males
Smoking/delta N2 : 2 17.65 0.000 2 25.64 0.000
Smoking/ FEF25_75 2 8.37 0.015 2 '35,81 0.000
FEVI/FVC/ VSO 1 12.48 0,000 1 243,00 0.000
FEVl/FVC/FEFZS_75 1 60.55 0.000 1 250.89 0.000
FEVl/FVC/FEV_1 ' 1 12,17 0.001 1 69.68 0.000
delta N,/FEV, 1 10.81 0.001 1 32.10 0.000
° o ) . )
VSO/F“F25—75 1 127.29 0.000 .l , 496,78 0.000
VSO/FEVl . 1 10.54 0.001 1 213.63 0.000
FEF25_75/FEV1 1 46,58 -0.000 1 | 243;}9 0.000
Females
Smoking/delta N7 2 19.19 0.000 2 30.13‘ 0.000
Sroking/ FEF25~75 2 | 6.53 0.038 _ 2 40.93 0.000
FEVlFVC/ VSO 1 30.18 0.000 1 304.05 0.000
FEVI/FVC/FEFZS_75 1 91.58 0.000 1 359.17 0.000
FEVl/FVC/FEV1 1 21.53 0.000 . 1 77.43 0.000
delta N,/FEV, 1 12.81 0.000 1 37.27 0.000
VSO/FEF25-75 o1 89.74 0.000 1 489.22 0.000
VSO/FEvl 1 30.83 0.000 1 » .221.21  0.000
FEF25_75/FEV1 1 50,21 0.000 1 235.75 0.000
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Table 14A

Number of Female Subjects Retested According to Commuting
Unchanged Smoking Habit and Susceptibility Group

LANCASTER
CURRENT SMOKER NEVER SMOKER FORMER SMOKER
Commute Noncom. Commute Noncom. Commute Noncom.
Totral** 123 58 231 112 75 35
Baseline FEV1
Normal 92 42 204 96 53 34
Abnormal 26 15 19 14 9 1
Baseline FEVI/FVC
Normal 95 L4 206 996 52 33
Abnormal 22 3 15 11 . 6 2
History of Asthma
or Wheeze
Normal 106 47 215 104 - - 72 34
Abnormal 18 11 . 16 8 ' 4 2

See text for definition
Due to missing values susceptible & nonsusceptible is not always
equal to the total

3
¥*
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Table 14B

Number of Female Subjects Retested According to Commuting
Unchanged Smoking Habit and Susceptibility Group *

LONG BEACH
CURRENT SMOKER NEVER SMOKER FORMER SMOKER
Commute Noncom. Commute Noncom. Commute Noncom.
Toral®* 29 29 176 74 53 19
Baseline FEVl
Normal 56 10 153 63 43 15
Abnormal 19 10 15 9 3 3
BaselineyFEVl/FVC
Normal 73 24 152 53 44 15
Abnormal 9 5 13 9 5 3
History of Asthma
or Wheeze
Normal 71 26 ‘ 169 71 51 19
Abnormal 18 - 3 8 3 4 1

= See text for definition

*%*  Due to missing values susceptible & nonsusceptible is not always
equal to the total
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Table 14C

Number of Female Subjects Retested According to Commuting
Unchanged Smoking Habit and Susceptibility Group *

GLENDORA

CURRENT SMOKER NEVER SMOKER FORMER SMOKER

Commute Noncom. Commute Noncom. Commute Noncom.

Total** 106 26 265 65 71 3
Baseline FEV1
Normal 80 20 235 60 58 21
Abnormal 26 6 30 S 13 2
Baseline FEVl/FVC
Normal 91 19 249 62 66 22
Abnormal _ 14 5 15 2 e 1
History of Asthma
or Wheeze
- Normal 84 22 237 56 63 20

Abnormal 22 4 28 _ 6 3 3

See text for definition
Due to missing values susceptible & nonsusceptible is not always
equal to the fotal

3 4t

*
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Table 18

Stepwise Logistic Regression
Women, Current/Former Smokers, Don't Commute

Residence Birth Birth
Outcome® Intercept Height L.Beach Glend. Place Year =
FEV1 -8.438 .157 -.860 .131 - - =1.14
FEVl/FVC% -8.214 .159 - - - -
ASTHMA + WHEEZE -19.602 2315 - - 1.95 -

Age, Size of Birth City and Time Outdoors did not enter any model.

* 1In each case the model predicts probability that the outcome is
"abnormal”.  See text for definitions of abnormal.

®% (1950 = 0, >1950 =1
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APPENDIX B

FOLLOWUP QUESTIONNAIRE

(1982)
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